
REMARKS 

Applicant requests favorable reconsideration and allowance of the subject application in 
view of the preceding amendments and the following remarks. 

To place the application in better form, Applicant submits herewith a substitute 
specification, which includes a new abstract. For the Examiner's convenience, also provided is a 
marked-up copy of the original specification showing the portions thereof which are being 
changed. The substitute specification includes the same changes as are indicated in the 
marked-up copy. Applicant's undersigned attorney has reviewed the substitute specification and 
submits that the substitute specification contains no new matter. 

Claims 1, 3, 5-14 and 26-40 are presented for consideration. Claims 1, 12, 26-29, 31, 34, 
37, 39 and 40 are independent. Claims 2, 4 and 15-25 have been canceled without prejudice or 
disclaimer. Claims 1, 3, 8 and 1 1 have been amended to clarify features of the subject invention, 
while claims 26-40 have been added to recite additional features of the subject invention. 
Support for these changes and claims can be found in the original application, as filed. 
Therefore, no new matter has been added. 

Applicant notes that the Examiner has made final the restriction requirement previously 
set forth. Claims 12-14, withdravra firom consideration, have been retained in this application in 
order preserve Applicant's rights. Applicant requests that the Examiner contact his undersigned 
representative should it be necessary to cancel these claims in order to advance the subject 
application to issue. 

Applicant requests favorable reconsideration and withdrawal of the objections and 
rejections set forth in the above-noted Office Action. 
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The Examiner requested that Figure 12 be labeled as "PRIOR ART," and noted that 
several reference numerals had been used to designate more than one element. To expedite 
prosecution, by separate paper, Applicant requests approval to label Figure 12 as — PRIOR 
ART - and has changed the series of reference numerals used in that Figure. Applicant submits 
that these changes overcome the objection to the drawings. Such favorable indication is 
requested. 

The Examiner noted minor informalities in the subject specification. Applicant has 
attended to these informalities in the substitute specification being filed with this response. 
Applicant, therefore, also requests reconsideration and withdrawal of the objection to the 
specification. 

Claims 15-17, 19, 22 and 23 were objected to on formal grounds. Specifically, the 
Examiner objected to the formatting of these claims. To expedite prosecution, claims 15-25 have 
been variously rewritten as new claims 26-40. Applicant submits that these new claims 
overcome the Examiner's prior objections to claims 15-17, 19, 22 and 23, which have been 
canceled without prejudice or disclaimer. 

Claims 8, 9, 1 1 and 15-24 were rejected under 35 U.S.C. § 112, second paragraph, as 
being indefinite. The Examiner objected to specific recitations in several of these claims. The 
Examiner's comments were taken into consideration in this Amendment. Specifically, claims 8 
and 1 1 have been amended in light of the Examiner's comments, whereas new claims 26-40 
likewise address the Examiner's concerns. Applicant, however, respectfully traverses the 
rejection of claim 9 under 35 U.S.C. § 1 12, Specifically, Applicant submits that one having 
ordinary skill in the art would readily understand the features of this claim, when read in light of 
the subject specification. See, for example, the discussion on page 13, lines 1 1-26, which 
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discusses that fluoroplastic or polyimide is used as the outer pipe to reduce degassing. For the 
reasons noted above, Applicant requests favorable reconsideration and withdrawal of the 
rejections under 35U.S.C.§112, second paragraph. 

Turning now to the art rejections, claims 1 and 6-10 were rejected under 35 U.S.C. § 102 
as being anticipated by U.S. Patent No. 4,906,496 to Hosono et al. Claims 1, 5, 8 and 9 were 
rejected under 35 U.S.C. § 102 as being anticipated by U.S. Patent No. 4,368,219 to Nagata et al. 
Claims 1, 3, 6 and 7 were rejected under 35 U.S.C. § 102 as being anticipated by U.S. published 
patent application number 2001/0017164 to Fukui et al Claims 1, 2 and 6-10 also were rejected 
under 35 U.S.C. § 103 as being unpatentable over U.S. Patent No. 5,61 1,655 to Fukasawa et al 
in view of the Hosono et al. patent. 

Claim 1 1 also was rejected under 35 U.S.C. § 103 as being unpatentable over the Hosono 
et al. patent. Claims 15-17 were rejected under 35 U.S.C. § 103 as being unpatentable over U.S. 
Patent No. 4,475,223 to Taniguchi et al. in view of the Hosono et al. patent. Claim 4 was 
rejected under 35 U.S.C. § 103 as being unpatentable over the Fukasawa et al. patent in view of 
the Hosono et al. patent, as applied to claims 1 and 2, and further in view of the Taniguchi et al. 
patent. Claims 19, 20 and 22 were rejected under 35 U.S.C. § 103 as being unpatentable over the 
Taniguchi et al. patent in view of the Hosono et al. patent, as appUed to claims 15-17, and further 
in view of U.S. Patent No. 5,978,578 to Azarva et al. Claim 18 was rejected under 35 U.S.C. § 
103 as being unpatentable over the Taniguchi et al. in view of the Hosono et al. patent, as applied 
to claims 15-17, and further in view of U.S. Patent No. 6,061,174 to Shiozawa et al. Applicant 
submits that the cited art, whether taken individually or in combination, does not teach many 
features of the present invention as previously recited in claims 1-11 and 15-25. Therefore, these 
rejections are respectfully traversed. Nevertheless, Applicant submits that independent claims 1 
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and 26, for example, as presented, amplify the distinctions between the present invention and the 
cited art. 

In one aspect of the invention, independent claim 1 recites a pipe structure that includes a 
double pipe having a resin inner pipe and a resin outer pipe covering an outside of the inner pipe, 
wherein the double pipe is used in a vacuum chamber having a vacuum atmosphere, and a 
discharge mechanism for discharging fluid in the space between the inner pipe and the outer pipe. 

In another aspect of the invention, independent claim 26 recites a pipe structure that 
includes a double pipe having a resin inner pipe and a resin outer pipe covering an outside of the 
inner pipe, a discharge mechanism for discharging fluid in a space between the inner pipe, and a 
stage in a vacuum chamber having a vacuxim atmosphere, wherein the double pipe is coupled to 
the stage. 

Applicant submits that the cited art does not teach or suggest such features of the present 
invention, as recited in independent claims 1 and 26, for example. 

The Examiner relies on the Hosono et al. patent, the Nagata et al. patent, the Fukui et aL 
publication and the Fukasawa et al. patent for teaching pipe structures having double pipes, with 
an inner pipe and a resin outer pipe covering an outside of the inner pipe, and a discharge 
mechanism. 

Applicant submits, however, that these citations do not teach or suggest the salient 
features of Applicant's present invention as recited in independent claims 1 and 26, for example, 
in which a double pipe is used in a vacuum chamber having a vacuum atmosphere (as recited in 
independent claim 1) or the use of a double pipe in a vacuum chamber for reducing gas leaking 
and assuring flexibility, such as bending, wherein the double pipe is coupled to the stage (as 
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recited in independent claim 26). Therefore, the cited art should not be read to anticipate or 
render obvious Applicant's present invention recited in those independent claims. 

Applicant submits that the remaining art cited fails to cure the deficiencies noted above 
with respect to those primary citations. 

The Examiner relies on the Azarva et al. patent for teaching features of the invention 
recited in claims 19, 20 and 22, and the Shiozawa et al. patent for teaching an exposure apparatus 
that uses particular lasers as light sources. Applicant submits, however, that these citations 
likewise fail to teach or suggest the salient features of Applicant's present invention as recited in 
independent claims 1 and 26, which have been discussed above. Therefore, those citations add 
nothing to the teachings of the primary citations that would render obvious Applicant's present 
invention recited in those claims. 

For the reasons noted above. Applicant submits that the present invention, as recited in 
independent claims 1 and 26, is patentably defined over the cited art, whether that art is taken 
individually or in combination. 

For reasons similar to those noted above. Applicant submits that claims 27-40 patentably 
define features of the subject invention. In this regard, independent claim 27 recites aspects of 
the alignment apparatus of the present invention, independent claim 28 the features of the 
electron beam lithography of the apparatus, independent claim 29 the features of the exposure 
apparatus of the present invention, independent claim 31 the features of the semiconductor 
device manufacturing method of the present invention, independent claim 34 the features of the 
maintenance method for an exposure apparatus of the present invention, independent claims 37 
and 39, fiirther features of the pipe structure of the present invention, and independent claim 40 
the features of the semiconductor manufacturing factory of the present invention. In this regard, 
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Applicant submits that the cited art, whether taken individually or in combination, does not teach 
or suggest at least the arrangement of the double pipe and the discharge mechanism of the present 
invention, which is variously recited in these claims. Accordingly, these claims likewise should 
be deemed allowable over the cited art. 

For the reasons noted above. Applicant submits that the present invention, as recited in 
independent claims 1, 26-29, 31, 34, 37, 39 and 40, is patentably defined over the cited art. 

Dependent claims 3, 5-11, 30, 32, 33, 35, 36 and 38 also should be deemed allowable, in 
their own right, for defining other patentable features of the present invention in addition to those 
recited in their respective independent claims. Individual consideration of these dependent 
claims is requested. 

Applicant submits that the instant application is in condition for allowance. Favorable 
reconsideration, withdrawal of the objections and rejections set forth in the above-noted Office 
Action and an early Notice of Allowance are also requested. 

Applicant's undersigned attorney may be reached in our Washington, D.C. office by 
telephone at (202) 530-1010. All correspondence should be directed to our address listed below. 



Respectfully submitted. 




Attomey for Applicant 
Steven E. Warner 
Registration No. 33,326 
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30 Rockefeller Plaza 
New York, New York 101 12-3801 
Facsimile: (212)218-2200 
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TITLE OF THE INVENTION 



PIPE STRUCTURE, ALIGNMENT APPARATUS, 
ELECTRON BEAM LITHOGRAPHY APPARATUS, EXPOSURE APPARATUS, 
EXPOSURE APPARATUS MAINTENANCE METHOD, 
SEMICONDUCTOR DEVICE MANUFACTURING METHOD, AND 
SEMICONDUCTOR MANUFACTURING FACTORY 

FIELD OF THE INVENTION 

The present invention relates to a pipe structure, an alignment apparatus, aji electron 
beam lithography apparatus, an exposure apparatus, an exposure apparatus maintenance 
method, a semiconductor device manufacturing method, and a semiconductor manufacturing 
factory capable of maintaining a vacuum atmosphere having a medium to high vacuum 
degree at a high precision by preventing any adverse effect such as a decrease in vacuum 
degree in a vacuum chamber caused by degassing, gas permeation, or the like^ from a pipe 
structure connected to externally supplied fluid such as gas (or liquid) in order to drive the 
alignment apparatus arranged in the evacuated vacuum chamber. 
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BACKGROUND OF THE INVENTION 

A metal pipe has conventionally been used to suppress a decrease in vacuum degree in 
a vacuum chamber by degassing or gas permeation from a pipe when the interior and exterior 
of the vacuum chamber evacuated to a medium to high vacuum atmosphere are connected via 
the pipe and gas (or liquid) is supplied to or discharged from the interior/exterior of the 
vacuum chamber. A pipe for driving an alignment apparatus arranged in the vacuum 
chamber is generally a metal pipe having a flexible bellows structure in order to ensure the 
flexibility. 

Fig. 12 is a schematic view showing an alignment apparatus arranged in a 
conventional vacuum chamber and its pipe. As shown in Fig. 12, an object +02 502 in a 
vacuvmi chamber 4^ 501 held in a high vacuum is precisely aligned by driving a stage +65 
503 on a surface plate +64 504 by gas (or fluid). Since the stage i63 503 requires supply and 
discharge of fluid such as gas (or liquid), the interior and exterior of the vacuum chamber +0+ 
501 communicate with each other via a flange +0^ 505 and metal pipes +66 506 having a 
bellows structure. An arrow shown above the stage 503 in Fig. 12 indicates the movable 
direction of the stage +63 503. 

The use of the metal pipes connected to the alignment apparatus arranged in the 
vacuum chamber has the advantage that almost no degassing or gas permeation from the 
pipes occurs, but suffers from the following two serious problems. 

r) (i) Because of low flexibility (high flexural rigidity), the load resistance of 
movement is high. In other words, a force in deforming the pipes acts as a disturbance factor 
to the stage 3 503, which adversely influence the alignment precision. 
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ir) {ii} Repetitive deformation of the metal pipes 6 readily causes metal fatigue and 
decreases the durability. 

In particular, the alignment precision of the high-precision stage 3 503 is adversely 
influenced by the nonlinear piping force of even a pipe made of a flexible resin material. For 
this reason, the low flexibility of the metal pipe poses a serious problem, and demands are 
arising for a flexible pipe usable in a vacuum chamber. The metal pipe may be replaced by a 
pipe made of a flexible resin material. In general, a resin material exhibits a larger amount of 
degassing or gas permeation than a metal pipe, so a resin pipe is difficult to directly use in a 
mediimi to high vacuum atmosphere. 

SUMMARY OF THE INVENTION 

The present invention has been made to overcome the conventional drawbacks, and 
has as its object to provide a pipe structure which is higher in flexibility and durability than a 
conventional metal pipe and is connected to an alignment apparatus arranged in a vacuum 
chamber. It is another object of the present invention to provide a pipe structure which also 
prevents the influence of degassing from an electric electrical wire. 

To overcome the above problems and to achieve the above objects, a pipe structure 
according to the first aspect of the present invention comprises a double pipe having a resin 
inner pipe and a resin outer pipe covering an outside of the inner pipe, and a discharge 
mechanism for discharging fluid in a space between the inner pipe and the outer pipe. 

A pipe structure according to the second aspect of the present invention comprises a 
double pipe having at least one inner pipe and/or at least one electric electrical wire and a 
resin outer pipe covering outsides of the inner pipe and/or the electric electrical wire, and a 
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discharge mechanism for discharging fluid in a space between the inner pipe and/or the 
e l e ct r ic electrical wire and the outer pipe. 

A An alignment apparatus according to the present invention comprises the pipe 
structure according to the first aspect and is arranged in a vacuum chamber. 

An electron beam lithography apparatus according to the present invention comprises 
the alignment apparatus. 

An exposiue apparatus according to the present invention comprises the alignment 
apparatus. 

A semiconductor device manufacturing method according to the present invention 
comprises the steps of installing manufacturing apparatuses for performing various processes^ 
including the exposure apparatus^ in a semiconductor manufacturing factory, and 
manufacturing a semiconductor device by using the manufacturing apparatuses in a plurality 
of processes. 

A semiconductor manufacturing factory according to the present invention comprises 
manufacturing apparatuses for performing various processes^ including the exposure 
apparatus, a local area network for connecting the manufacturing apparatuses, and a gateway 
which allows the local area network to access an extemal network outside the factory, 
wherein information about at least one of the manufacturing apparatuses can be 
commvmicated. 

According to the present invention, a maintenance method for the exposure apparatus 
installed in the semiconductor manufacturing factory comprises the steps of causing a vendor 
or user of the exposure apparatus to provide a maintenance database connected to an extemal 
network of the semiconductor manufacturing factory, authorizing access fi-om the 



semiconductor manufacturing factory to the maintenance database via the external network, 
and transmitting maintenance information accumulated in the maintenance database to the 
semiconductor manufacturing factory via the external network. 

The exposure apparatus further comprises a display, a network interface, and a 
computer for executing network software, and maintenance information of the exposure 
apparatus is communicated via the computer network. 

Other objects and advantages besides those discussed above shall be apparent to those 
skilled in the art from the description of a preferred embodiment of the invention which 
follows. In the description, reference is made to accompanying drawings, which form a part 
thereof, and which illustrate an example of the invention. Such mi example, however, is not 
exhaustive of the various embodiments of the invention, and^ therefore^ reference is made to 
the claims which follow the description for determining the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. I is a schematic view showing the main part of an alignment apparatus arranged 

in a vacuum chamber according to the first embodiment of the present invention; 

Fig. 2 is a sectional view for explaining the driving mechanism of the alignment 

apparatus in Fig. 1 ; 

Fig. 3 is a view showing a pipe structure when a single resin pipe is airtightly covered 
with a thin fluoroplastic pipe in the first embodiment; 

Fig. 4 is a perspective view showing a pipe structure when a plurality of resin pipes 
are airtightly covered with a thin fluoroplastic pipe in the first embodiment; 
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Fig. 5 is a perspective view showing a pipe structure when a vacuum sealing structure 
according to the second embodiment is applied to an e l e ctric electrical wire; 

Fig. 6 is a perspective view showing a pipe structure in which pluralities of pipes and 
wires are simultaneously applied to a vacuum sealing structure when both the pipes and 
electric electrical wires must be connected to the alignment apparatus arranged in the vacuum 
chamber; 

Fig. 7 is a view showing the concept of a semiconductor device production system 
including an exposure apparatus according to an embodiment of the present invention when 
viewed from a given angle; 

Fig. 8 is a view showing the concept of the semiconductor device production system 
including the exposure apparatus according to the embodiment of the present invention when 
viewed from another given angle; 

Fig. 9 is a view showing an example of a user interface in the semiconductor device 
production system including the exposure apparatus according to the embodiment of the 
present invention; 

Fig. 10 is a flow chart for explaining the flow of a device manufacturing process by 
the exposure apparatus according to the embodiment of the present invention; 

Fig. 1 1 is a flow chart for explaining the flow of a wafer process by the exposure 
apparatus according to the embodiment of the present invention; and 

Fig. 12 is a schematic view showing a movable alignment apparatus arranged in a 
conventional vacuum chamber and its pipe. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention will be described in detail below with 

reference to the accompanying drawings. 

The following embodiments are merely examples of the implementation means of the 

present invention, and the present invention can be applied to modifications of the following 

embodiments within the spirit and scope of the invention. 

[First Embodiment] 

Fig. 1 is a schematic view showing the main part of an alignment apparatus arranged 
in a vacuum chamber according to the first embodiment of the present invention, and shows 
the present invention best. 

In Fig. 1, reference numeral 1 denotes a vacuum chamber whose interior is controlled 
to a vacuum atmosphere. The vacuum chamber 1 has a vacuum pump (not shown). Gas in 
the vacuum chamber 1 is discharged by the vacuum pump, and the interior of the vacuum 
chamber is controlled to a medium to high vacuum atmosphere. 

Reference numeral 3 denotes a stage which is movable on a surface plate 4 having a 
reference surface by a driving mechanism (not shown). An object 2 to be aligned is held by a 
chuck (not shown) on the stage 3. 

The stage 3 is supported above the surface plate 4 in a non-contact manner by a 
bearing mechanism 10. 

The bearing mechanism 10 will be explained with reference to Fig. 2. In Fig. 2, the 
same reference numerals as those in Fig. 1 denote the same parts. 

The bearing mechanism 10 comprises an air pad 1 1 and labyrinth partition 13. The air 
pad 1 1 is attached to the stage 3, and sprays air supplied from a suction pipe to the surface 
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plate. The air sprayed from the air pad 1 1 supports the stage 3 above the surface plate 4 in a 
non-contact manner. 

In this case, leakage of air sprayed from the air pad 1 1 into the vacuum chamber 1 is 
undesirable. To prevent this, the labyrinth partition 13 having a plurality of partitions is 
arranged to surroimd the air pad 11, exhaust ports are formed between the partitions of the 
labyrinth partition 13, and forced evacuation is done to prevent leakage of the air from the air 
pad 1 1 to the vacuum chamber 1 . 

That is, the stage 3 is coupled to the suction and exhaust pipes in order to support the 
stage 3 by the bearing mechanism 10. 

The driving mechanism for driving the stage 3 generates heat in driving it. A 
temperature adjustment gas or liquid for adjusting the temperature of the driving mechanism 
must be supplied to a heating portion, and the temperature adjustment gas or liquid which has 
recovered heat must be recovered. For this purpose, the stage 3 is coupled to pipes for 
supplying and discharging the temperature adjustment gas or liquid. 

As described above, the stage 3 is coupled to various pipes for supplying or 
discharging fluid such as gas (or liquid) used to drive the stage 3. The gas (or liquid) supplied 
to or discharged from the stage 3 is circulated between the stage 3 and the exterior of the 
vacuum chamber. To align the stage 3 at a high precision, a piping disturbance must be 
removed as much as possible. Hence, pipes 7 are flexible resin pipes which supply gas (or 
liquid) to the stage 3 via a flange 5 attached to the vacuum chamber 1 . 

In general, compared to a metal pipe, a resin pipe causes more "degassing" which is a 
release of a constituent material or the like from a pipe surface to a vacuum atmosphere or 
"permeation" which is permeation of gas (or liquid) in a pipe to the outside. Depending on 
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the ratio of pipes used, such gas obstructs an increase in vacuum degree in the vacuum 
chamber to a desired level. Depending on the material, the degassing amount is often 
negligible. However, the permeation amount is very large^ especially when a high-pressure 
gas (or liquid) flows through the pipe, so the vacuum degree in the vacuimi chamber is 
adversely influenced. As a measure against this problem, the pipe is made thick in order to 
reduce the permeation amount, by exploiting the fact that the gas permeation amount is 
proportional to the pressiue difference between the pipe interior and the atmosphere and is 
inversely proportional to the pipe thickness. When, however, a resin pipe is actually used, a 
thick pipe degrades the flexibility^ which is the most significant advantage of the resin pipe. 

The first embodiment suppresses degassing or gas permeation by airtightly covering 
the outsides of the pipes 7 with a thin fluoroplastic pipe 8 so as to prevent the influence of 
degassing or gas permeation fi-om the resin pipes 7 on the intemal atmosphere of the vacuum 
chamber 1 . The pipe 8 is shown in detail in Figs. 3 and 4. Fig, 3 shows a sealing structure 
for one pipe, and Fig. 4 shows a sealing structure for a plurality of pipes. As is apparent fi*om 
Figs. 3 and 4, the vacuum pipe of this embodiment has a double structure in which the 
intemal pipe 7 is sealed by the outer pipe 8 so as not to be exposed to the intemal atmosphere 
of the vacuum chamber 1 . Further, as shown in Fig. 1 , the space (airtight space) between the 
inner pipe 7 and the outer pipe 8 is connected via the flange 5 to a vacuum pump serving as 
an evacuation mechanism, and is kept in a low vacuum. 

This vacuum pump is different from a vacuimi pump for maintaining the vacuum 
degree in the vacuum chamber 1 so as to prevent the adverse effect of degassed or permeating 
gas to the interior of the vacuum chamber 1 . The vacuum pump for maintaining the vacuum 
degree in the vacuum chamber 1 is often a turbo molecular pump which can evacuate the 
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interior of the vacuum chamber 1 to a high vacuum^ but is expensive and cumbersome to 
handle. However, the vacuum pump connected to the vacuum pipe of the first embodiment 
is, e.g., a low-cost scroll pump^ which is easy to handle because the interior of the vacuum 
chamber suffices to be evacuated to a low vacuum at a low evacuation speed. 

This arrangement prevents leakage of gas degassed or permeating fi-om the inner pipe 
7 into the vacuum chamber 1 . That is, a large amoimt of gas is degassed or permeates firom 
the inner pipe 7^ but is recovered by the vacuum pump. The vacuum pump maintains the 
airtight space between the inner pipe 7 and the outer pipe 8 in a proper low vacuum, so that 
the pressure difference between the interior and exterior of the outer pipe 8 can be considered 
to be almost 0 zero . For example, even if the vacuum degree in the vacuum chamber 1 is as 
high as 10"^ [Pa], and the vacuum degree in the space between the inner pipe 7 and the outer 
pipe 8 is as low as 1 [Pa], the pressure difference is mavbe as very small as almost 1 [Pa]. 
For this reason, almost no gas permeates fi-om the outer pipe 8 to the vacuum chamber 1 . 
Since the pressure difference applied to the outer pipe 8 is very small, the outer pipe 8 can be 
made very thin in terms of strength, i.e., can ensure prescribed flexibility. However, gas is 
degassed from the outer pipe 8 into the vacuum chamber 1 directly, so the material of the 
outer pipe 8 must be almost fi-ee fi-om degassing. 

From this, the inner pipe 7 hardly causes degassing or gas permeation, and thus^ a 
polyurethane or polyolefin resin pipe is used by giving priority to flexibility. If necessary, the 
pipe is formed into a bellows structure or coil shape. The outer pipe 8 is made of a 
fluoroplastic in order to reduce degassing, and is made very thin which . with a thickness of 
50 fim in order to ensure prescribed flexibility. The outer pipe 8 is further formed into a 
bellows structure or coil shape. The thickness of the outer pipe 8 is about 10 |am to 100 |am 
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at which a flexibihty necessary for aUgnment can be ensured and the outer pipe 8 can attain a 
sufficient strength. Another example of the resin almost fi-ee firom degassing is a polyimide 
resin. The material can be selected to some extent in consideration of a desired vacuum 
degree, the vacuum pump, and the degassing amount of the material. 

The flexibility of the resin pipe has been described as an advantage. Another reason 
of adopting the resin pipe is that the resin pipe is more resistant to repetitive deformation than 
a metal pipe and is expected to have increased reliability of durability. The resistance to 
repetitive deformation meets demands such as i) {i} in many cases, an apparatus in a vacuum 
chamber is difficult to receive maintenance, and mi exchange of components is preferably 
minimized, and it) {ii} the durability must be high when a movable member (stage) is 
fi-equently^ repetitively moved with a large stroke. 

The advantage of the double pipe includes not only suppression of the influence of 
degassing or gas permeation but also an increase in the reliability of the vacuvmi pipe. If the 
pipe suddenly cracks in a high vacuum, gas (or liquid) passing through the pipe leaks into the 
vacuum chamber 1 , and the vacuum degree in the vacuum chamber 1 abruptly drops. At this 
time, the turbo molecular pump or oil diffusion pump which can only be used in a medium or 
high vacuum may breaks to seriously damage the overall chamber system. In the arrangement 
of the first embodiment, however, no gas flows into the vacuum chamber 1 unless the inner 
and outer pipes 7 and 8 simultaneously leak gas. In general, either pipe may deteriorate 
earlier. If only the inner pipe 7 leaks gas, the pressure of the airtight space between the inner 
pipe 7 and the outer pipe 8 increases. Accordingly, the gas permeation amount of the outer 
pipe 8 increases to increase the internal pressure of the vacuum chamber. As the outer pipe 8 
seals leakage gas to a certain degree, the pressure is expected to change slower than in the 
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case of direct leakage. Hence, any damage to the chamber system can be minimized by an 
appropriate measure taken immediately after generation of leakage. If only the outer pipe 8 
leaks gas, the vacuum degree in the vacuum chamber 1 slightly decreases, which does not 
damage the vacuum pump and chamber system^ in most cases. 

An electron beam lithography apparatus is desirably equipped with a wafer stage 
connected to the above-described pipes in order to irradiate a wafer with an electron beam in 
a vacuum atmosphere. 

In the first embodiment, the interior of the chamber 1 is controlled to a vacuum 
atmosphere, but is not limited to this. If the interior of the chamber 1 is controlled to a 
predetermined gas atmosphere such as an inert gas atmosphere, and degassing from a resin 
pipe poses a problem, a pipe according to the first embodiment can be adopted. For example, 
this pipe may be used in an exposure apparatus in which a wafer stage must be controlled in a 
nitrogen or helium atmosphere. An example of this exposure apparatus is one using an or 
Ar laser as a light source. 

An example of an outer pipe 8 in which a plurality of inner pipes 7 are arranged, as 
shown in Fig. 4, will be described. In the first embodiment, if a pluraUty of pipes are 
required, as shown in Fig. 4, the inner pipes 7 are covered at once with the outer pipe 8 and 
aligned one-dimensionally in the longitudinal direction of the pipe section so as to reduce the 
flexural rigidity in a direction in which a movable member (stage) moves. By gathering the 
inner pipes 7, the number of outer pipes 8 can be decreased. As a result, degassing fi*om the 
outer pipe 8 can be reduced, and the flexural rigidity of the outer pipe 8 can be decreased by 
the decrease in the number of outer pipes 8. This layout of the inner pipes 7 can decrease the 
flexural rigidity of all the inner pipes 7 and that of the double pipe. 
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[Second Embodiment] 

Fig. 5 shows an example when a vacuum seahng structure according to the second 
embodiment of the present invention is appUed to an e l e ct r ic electrical wire. In general, an 
electric electrical wire also often uses a fluoroplastic-coated wire in order to reduce degassing 
from the coated portion of the wire. However, the fluoroplastic coating is poorer in flexibility 
than general coating, and is not appropriate for connection to a movable member (stage), 
similar to a pipe. To form electric electrical wires 9 almost free from degassing while 
maintaining prescribed flexibility, the electric electrical wires 9 are covered with a 
fluoroplastic outer pipe 8 having a small thickness (e.g., several ten tens of |Jim), and the 
interior of the outer pipe 8 is kept in a low vacuum by a pump. Thus, even if the electric 
electrical wire 9 itself is formed from a flexible wire such as a vinyl-coated wire regardless of 
degassing, degassing does not influence a high vacuum atmosphere. This is because the 
pressure difference is almost 0 zero and no gas permeation occurs between the interior and 
exterior of the outer pipe 8, similar to the first embodiment. Since the fluoroplastic outer pipe 
8 is thin, prescribed flexibility can be ensured, and the el e ctric electrical wire 9 is more 
flexible than a conventional fluoroplastic-coated el e ctric electrical wire 9. 

When both inner pipes 7 for gas (or liquid) and the e l e ctric electrical wires 9 must be 
connected to the movable member (stage) in the vacuum chamber, they are incorporated in 
the fluoroplastic outer pipe 8, as shown in Fig. 6, which simplifies piping of the movable 
member (stage). Fig. 6 shows a pipe structure in which pluralities of pipes and wires are 
simultaneously applied to a vacuum sealing structure when both the internal pipes and electric 
electrical wires must be connected to the movable member (stage) in the vacuum chamber. 
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In Figs. 5 and 6, similar to the first embodiment, the elect r ic electrical wires 9 and 
inner pipes 7 are one-dimensionally aligned to reduce the flexural rigidity of all the pipes in a 
direction in which the pipes are bent by movement. 
[Embodiment of A Semiconductor Production System] 

A production system for a semiconductor device ( e.g., a semiconductor chip such as 
an IC or LSI, a liquid crystal panel, a CCD, a thin film magnetic head, a micromachine, or the 
like) using the exposure apparatus will be exemplified. A trouble remedy or periodic 
maintenance of a manufacturing apparatus installed in a semiconductor manufacturing 
factory, or maintenance service such as software distribution is performed by using, e.g., a 
computer network outside the manufacturing factory. 

Fig. 7 shows the overall system cut out at a given angle. Li Fig. 7, reference numeral 
101 denotes a business office of a vendor (apparatus supply manufacturer) which provides a 
semiconductor device manufacturing apparatus. Assumed examples of the manufactviring 
apparatus are semiconductor manufacturing apparatuses for performing various processes 
used in a semiconductor manufacturing factory, such as pre-process apparatuses (lithography 
apparatus including an exposure apparatus, a resist processing apparatus, and m etching 
apparatus, an annealing apparatus, a film formation apparatus, a planarization apparatus, and 
the like) and post-process apparatuses ( e.g., an assembly apparatus, an inspection apparatus, 
and the like). The business office 101 comprises a host management system 108 for 
providing a maintenance database for the manufacturing apparatus, a plurality of operation 
terminal computers 110, and a LAN (Local Area Network) 109^ which connects the host 
management system 108 and computers 1 10 to build an intranet. The host management 
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system 108 has a gateway for connecting the LAN 109 to Internet 105 as an external network 
of the business office, and a security function for hmiting external accesses. 

Reference numerals 102 to 104 denote manufacturing factories of the semiconductor 
manufacturer as users of manufacturing apparatuses. The manufacturing factories 102 to 104 
may belong to different manufacturers or the same manufacturer (pre-process factory, post- 
process factory, and the like). Each of the factories 102 to 104 is equipped with a plurality of 
manufacturing apparatuses 106, a LAN (Local Area Network) 111^ which connects these 
apparatuses 106 to construct an intranet, and a host management system 107 serving as a 
monitoring apparatus for monitoring the operation status of each manufacturing apparatus 
106. The host management system 107 in each of the factories 102 to 104 has a gateway for 
connecting the LAN 1 1 1 in the factory to the Internet 105 as an extemal network of the 
factory. Each factory can access the host management system 108 of the vendor 101 from the 
LAN 111 via the Internet 105. The security function of the host management system 108 
authorizes access of only a limited user. More specifically, the factory notifies the vendor via 
the Internet 105 of status information (e.g., the symptom of a manufacturing apparatus in 
trouble) representing the operation status of each manufacturing apparatus 106, and receives 
response information (e.g., information designating a remedy against the trouble, or remedy 
software or data) corresponding to the notification, or maintenance information such as the 
latest software or help information. Data communication between the factories 102 to 104 
and the vendor 101 and data communication via the LAN 1 1 1 in each factory adopt a 
communication protocol (TCP/IP) generally used in the Internet. Instead of using the Internet 
as an extemal network of the factory, a dedicated network (e.g., ^ ISDN) having high 
security which inhibits access of a third party can be adopted. Also^ the user may construct a 
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database in addition to the one provided by the vendor and set the database on an external 
network, and the host management system may authorize access to the database from a 
pluraUty of user factories. 

Fig. 8 is a view showing the concept of the overall system of this embodiment that is 
cut out at a different angle from Fig. 7. hi the above example, a plurality of user factories 
having manufacturing apparatuses and the management system of the manufacturing 
apparatus vendor are connected via an external network, and production management of each 
factory or information of at least one manufacturing apparatus is communicated via the 
extemal network, hi the example of Fig. 8, a factory having manufacturing apparatuses of a 
plurality of vendors and the management systems of the vendors for these manufacturing 
apparatuses are connected via the extemal network of the factory, and maintenance 
information of each manufacturing apparatus is communicated. Li Fig. 8, reference numeral 
201 denotes a manufacturing factory of a manufacturing apparatus user (semiconductor 
device manufacturer) where manufacturing apparatuses for performing various processes, 
e.g., an exposure apparatus 202, a resist processing apparatus 203, and a film formation 
apparatus 204 are installed in the manufacturing line of the factory. Fig. 8 shows only one 
manufacturing factory 201, but a plurality of factories are networked in practice. The 
respective apparatuses in the factory are connected to a LAN 2060 206 to build an intranet, 
and a host management system 205 manages the operation of the manufacturing line. The 
business offices of vendors (apparatus supply manufacturers) such as an exposure apparatus 
manufacturer 210, a resist processing apparatus manufacturer 220, and a film formation 
apparatus manufacturer 230 comprise host management systems 21 1, 221, and 231 for 
executing remote maintenance for the supplied apparatuses. Each host management system 
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has a maintenance database and a gateway for an external network, as described above. The 
host management system 205 for managing the apparatuses in the manufacturing factory of 
the user, and the management systems 21 1, 221 and 231 of the vendors for the respective 
apparatuses are connected via the Intemet or dedicated network serving as an external 
network 200. If a trouble occurs in any one of a series of manufacturing apparatuses along 
the manufacturing line in this system, the operation of the manufacturing line stops. This 
trouble can be quickly solved by remote maintenance from the vendor of the apparatus in 
trouble via the Intemet 200. This an minimize the stop stoppage of the manufacturing line. 

Each manufacturing apparatus in the semiconductor manufacturing factory comprises 
a display, a network interface, and a computer for executing network access software and 
apparatus operating software^ which are stored in a storage device. The storage devices is a 
built-in memory, hard disk, or network file server. The network access software includes a 
dedicated or general-purpose web browser and provides a user interface having a window as 
shown in Fig. 9 on the display. While referring to this window, the operator who manages 
manufacturing apparatuses in each factory inputs, in input items on the windows, pieces of 
information such as the type of manufacturing apparatus 401, serial number 402, subject of 
trouble 403, occurrence date 404, degree of urgency 405, symptom 406, remedy 407, and 
progress 408. The pieces of input information are transmitted to the maintenance database 
via the Intemet, and appropriate maintenance information is sent back from the maintenance 
database and displayed on the display. The user interface provided by the web browser 
realizes hyperlink fimctions 410, 411, and 412, as shown in Fig. 9. This allows the operator 
to access detailed information of each item, receive the latest- version software to be used for 
a manufacturing apparatus from a software library provided by a vendor, and receive an 
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operation guide (help information) as a reference for the operator in the factory. Maintenance 
information provided by the maintenance database also includes information concerning the 
present invention described above. The software library also provides the latest software for 
implementing the present invention. 

A semiconductor device manufacturing process using the above-described production 
system will be explained. Fig. 10 shows the flow of the whole manufacturing process of the 
semiconductor device. In step 1 (circuit design), a semiconductor device circuit is designed. 
In step 2 (mask formation), a mask having the designed circuit pattem is formed. In step 3 
(wafer manufacture), a wafer is manufactured by using a material such as silicon. In step 4 
(wafer process)^ called a pre-process, an actual circuit is formed on the wafer by lithography 
using a prepared mask and the wafer. Step 5 (assembly)^ called a post-process^ is the step of 
forming a semiconductor chip by using the wafer manufactured in step 4, and includes an 
assembly process (dicing and bonding) and a packaging process (chip encapsulation). In step 
6 (inspection), inspections such as the operation confirmation test and durability test of the 
semiconductor device manufactured in step 5 are conducted. After these steps, the 
semiconductor device is completed and shipped (step 7). For example, the pre-process and 
post-process are performed in separate dedicated factories, and maintenance is done for each 
of the factories by the above-described remote maintenance system. Information for 
production management and apparatus maintenance is communicated between the pre- 
process factory and the post-process factory via the Internet or dedicated network. 

Fig. 1 1 shows the detailed flow of the wafer process. In step 1 1 (oxidation), the wafer 
surface is oxidized. In step 12 (CVD), an insulating film is formed on the wafer surface. In 
step 13 (electrode formation), an electrode is formed on the wafer by vapor deposition. In 
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step 14 (ion implantation), ions are implanted in the wafer. In step 15 (resist processing), a 
photosensitive agent is supplied to the wafer. In step 16 (exposure), the above-mentioned 
exposure apparatus exposes the wafer to the circuit pattern of a mask. In step 1 7 
(developing), the exposed wafer is developed. In step 18 (etching), the resist is etched except 
for the developed resist image. In step 19 (resist removal), an unnecessary resist after etching 
is removed. These steps are repeated to form multiple circuit pattems on the wafer. A 
manufacturing apparatus used in each step imdergoes maintenance by the remote maintenance 
system, which prevents tt trouble in advance. Even if a trouble occurs, the manufacturing 
apparatus can be quickly recovered. The productivity of the semiconductor device can be 
increased in comparison with the prior art. 

The above embodiments can provide a pipe structure which is flexible, is high in 
durability against repetitive deformation, and is suitable for connection to a movable member 
(stage) while suppressing the influence of degassing or gas permeation from a pipe itself 

The use of a resin material almost free from degassing for an outer pipe can reduce 
degassing from all the pipes and reduces any adverse effect on the vacuum degree in a 
vacuum chamber. The use of a flexible resin material for an inner pipe increases the 
flexibility of all the pipes. The thickness of the outer pipe is set to be as small as about 0.1 
mm or less, so that the flexibility of all the pipes can be maintained. 

The influence of degassing can also be prevented by applying the above-mentioned 
arrangement not to the inner pipe but to an elec tr ic electrical wire. Piping to a movable 
member (stage) can be simplified by airtightly covering with one outer pipe an entire piping 
member to the movable member (stage) as a combination of two or more inner pipes and/or 
elect r ic electrical wires. At this time, it is effective to align the inner pipes or electric 
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electrical wires one-dimensionally in the longitudinal direction of the pipe section because 
this arrangement can secure a bending direction in which the flexural rigidity of the pipes 
(including electric electrical wires used instead of some or all of the inner pipes) is low. 

In constituting an alignment apparatus in the vacuum chamber, these pipes (including 
elect r ic electrical wires used instead of some or all of the inner pipes) are used for connection 
to the movable member (stage), thereby reducing a nonlinear load by movement. This can 
increase the alignment precision. 

The present invention is not limited to the above embodiments and various changes 
and modifications can be made within the spirit and scope of the present invention. 
Therefore, to apprise the public of the scope of the present invention the following claims are 
made. 
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WHAT IS CLAIMED IS: 

1. (Currently Amended) A pipe structure comprising: 

a double pipe having a resin inner pipe and a resin outer pipe covering an 
outside of the inner pipe , wherein said double pipe is used in a vacuum chamber having a 
vacuum atmosphere : and 

a discharge mechanism for discharging fluid in a space between the inner pipe 
and the outer pipe. 

2. (Cancelled) 

3. (Currently Amended) The structure according to claim 1, wherein the inner pipe or 
the outer pipe has a bellows structure or coil shape. 

4. (Cancelled) 

5 . (Original) The structure according to claim 1 , wherein the inner pipe in the outer 
pipe includes a plurality of inner pipes. 

6. (Original) The structure according to claim 1, wherein said double pipe keeps a 
vacuum space between the inner pipe and the outer pipe. 



-22- 

7. (Original) The structure according to claim 1, wherein the inner pipe is formed 
from a flexible resin material. 

8. (Cmrently Amended) The structure according to claim 1, wherein the inner pipe is 
formed from a mor e fl e xibl e resin material havine a different flexibility than a material of the 
outer pipe. 

9. (Original) The structure according to claim 1, wherein the outer pipe is formed 
from a resin material nearly free from degassing. 

10. (Original) The structure according to claim 1, wherein the outer pipe is thinner 
than the inner pipe. 

1 1 . (Currently Amended) The structure according to claim 1, wherein the outer pipe 
has a thickness of about 10 |im (inclusive) to about 100 |-im (inclusive) . 

12. (Withdrawn) A pipe structure comprising: 

a double pipe having at least one inner pipe and/or at least one electric wire 
and a resin outer pipe covering outsides of the inner pipe and/or the electric wire; and 

a discharge mechanism for discharging fluid in a space between the inner pipe 
and/or the electric wire and the outer pipe. 
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13. (Withdrawn) The structure according to claim 12, wherein the outer pipe covers 
the outsides of the inner pipe and/or the electric wire at once. 

14. (Withdrawn) The structure according to claim 13, wherein the inner pipe and/or 
the electric wire in the outer pipe is one-dimensionally aligned in a direction in which flexural 
rigidity in a bending direction is low. 

15-25. (Cancelled) 

26. (New) A pipe structure comprising: 

a double pipe having a resin inner pipe and a resin outer pipe covering an 
outside of the inner pipe; 

a discharge mechanism for discharging fluid in a space between the inner pipe 
and the outer pipe; and 

a stage in a vacuum chamber having a vacuum atmosphere, 

wherein said double pipe is coupled to the stage. 

27. (New) An alignment apparatus comprising: 

a pipe structure; and 

a stage coupled to the pipe structure and movable for alignment, 
wherein the pipe structure has a double pipe having a resin inner pipe and a 
resin outer pipe covering an outside of the inner pipe, and a discharge mechanism for 
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discharging fluid in a space between the inner pipe and the outer pipe, wherein said double 
pipe is used in a vacuum chamber having a vacuum atmosphere. 

28. (New) An electron beam lithography apparatus comprising: 

an alignment apparatus which aligns a substrate, wherein the alignment 

apparatus comprises a pipe structure; and 

a stage coupled to the pipe structure and movable for alignment, 

wherein the pipe structure has a double pipe having a resin inner pipe and a 

resin outer pipe covering an outside of the inner pipe, and a discharge mechanism for 

discharging fluid in a space between the inner pipe and the outer pipe, wherein said double 

pipe is used in a vacuum chamber having a vacuum atmosphere. 

29. (New) An exposure apparatus comprising: 

an alignment apparatus which aligns a substrate, wherein the alignment 

apparatus comprises a pipe structure; and 

a stage coupled to the pipe structure and movable for the alignment, 
wherein the pipe structure has a double pipe having a resin inner pipe and a 

resin outer pipe covering an outside of the inner pipe, and a discharge mechanism for 

discharging fluid in a space between the inner pipe and the outer pipe, wherein said double 

pipe is used in a vacuum chamber having a vacuum atmosphere. 

30. (New) The apparatus according to claim 29, wherein an laser or an Ar2 laser is 
used as a light source. 
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31. (New) A semiconductor device manufacturing method comprising the steps of: 

installing manufacturing apparatuses for performing various processes, 
including an exposure apparatus, in a semiconductor manufacturing factory, the exposure 
apparatus comprising an alignment apparatus which aligns a substrate, wherein the alignment 
apparatus comprises a pipe structure and a stage coupled to the pipe structure and movable for 
the alignment, wherein the pipe structure has a double pipe having a resin inner pipe and a 
resin outer pipe covering an outside of the inner pipe, and a discharge mechanism for 
discharging fluid in a space between the inner pipe and the outer pipe, wherein said double 
pipe is used in a vacuum chamber having a vacuum atmosphere; and 

manufacturing a semiconductor device by using the manufacturing apparatuses 
in a plurality of processes. 

32. (New) The method according to claim 31, further comprising the steps of: 

connecting the manufacturing apparatuses by a local area network; and 
communicating information about at least one of the manufacturing 

apparatuses between the local area network and an external network outside the 

semiconductor manufacturing factory. 

33. (New) The method according to claim 32, further comprising performing one of 
(i) accessing a database provided by a vendor or user of the exposure apparatus via the 
external network to obtain maintenance information of the manufacturing apparatus by data 
communication, and (ii) production management by data communication between the 
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semiconductor manufacturing factory and another semiconductor manufacturing factory via 
the external network. 

34. (New) A maintenance method for an exposure apparatus that is installed in a 
semiconductor manufacturing factory and comprises an aligmnent apparatus which aligns a 
substrate, wherein the alignment apparatus comprises a pipe structure and a stage coupled to 
the pipe structiu-e and movable for the alignment, wherein the pipe structure has a double pipe 
having a resin inner pipe and a resin outer pipe covering an outside of the inner pipe, and a 
discharge mechanism for discharging fluid in a space between the inner pipe and the outer 
pipe, wherein the double pipe is used in a vacuum chamber having a vacuum atmosphere, 
said method comprising the steps of: 

causing a vendor or user of the exposure apparatus to provide a maintenance 
database connected to an external network of the semiconductor manufacturing factory; 

authorizing access from the semiconductor manufacturing factory to the 
maintenance database via the extemal network; and 

transmitting maintenance information accumulated in the maintenance 
database to the semiconductor manufacturing factory via the extemal network. 

35. (New) The exposure apparatus according to claim 29, further comprising a 
display, a network interface, and a computer for executing network software, wherein 
maintenance information of the exposure apparatus can be communicated via the computer 
network. 
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36. (New) The exposure apparatus according to claim 35, wherein the network 
software is connected to an external network of a factory where the exposure apparatus is 
installed, provides on said display a user interface for accessing a maintenance database 
provided by a vendor or user of the exposure apparatus, and enables obtaining information 
from the database via the extemal network. 

37. (New) A pipe structure comprising: 

a double pipe having a resin inner pipe and a resin outer pipe covering an 
outside of the inner pipe; and 

a discharge mechanism for discharging fluid in a space between the inner pipe 
and the outer pipe, 

wherein said double pipe is connected to a stage. 

38. (New) The structure according to claim 37, wherein the stage is in a chamber 
having an inert atmosphere. 

39. (New) A pipe structure comprising: 

a double pipe having a resin inner pipe and a resin outer pipe covering an 
outside of the inner pipe; and 

a discharge mechanism for discharging fluid in a space between the inner pipe 
and the outer pipe, 

wherein the double pipe is in a chamber, pressure in the chamber is less than 
pressure of atmosphere in a space between the inner pipe and outer pipe, and the pressure of 
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atmosphere in the space between the inner pipe and outer pipe is less than pressure in the 
inner pipe. 

40. (New) A semiconductor manufacturing factory comprising: 

manufacturing apparatuses for performing various processes including an 
exposure apparatus comprising an alignment apparatus which aligns a substrate, wherein the 
alignment apparatus comprises a pipe structure and a stage coupled to the pipe structure and 
movable for the alignment, wherein the pipe structure has a double pipe having a resin inner 
pipe and a resin outer pipe covering an outside of the inner pipe, and a discharge mechanism 
for discharging fluid in a space between the inner pipe and the outer pipe, wherein said 
double pipe is used in a vacuum chamber having a vacuum atmosphere; 

a local area network for connecting said manufacturing apparatuses; and 
a gateway which allows the local area network to access an extemal network 
outside the factory, 

wherein information about at least one of said manufactiuing apparatuses can 
be communicated. 
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ABSTRACT OF THE DISCLOSURE 

A pipe comicct c d to a stage se r ving as a m o vable member aiTaiiged in a vacuum 
chambe r has a doubl e p ip e stmctui 'e constituted by a resin inner pipe and a resin outer pipe 
which covers the imie r pipe including its sun ' ounding space. The spac e between the inne r 
pipe and the oute r pipe is comiectcd to a vacuum pump se r ving as an e xhaust means. The 
spac e in the pipe is k e pt in vacuum by the vacuum pump. 

~ A pipe structure includes a double pipe having a resin inner pipe and a resin outer 
pipe covering an outside of the inner pipe, and a discharge mechanism for discharging fluid in 
a space between the inner pipe and the outer pipe. The double pipe is used in a vacuum 
chamber having a vacuum atmosphere. — 
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